The importance of the ExB fla shear in arioi s enhanced confinement regimes is discussed in terms of the turbulence suppression criterion in toroidal geometry. This criterion is then further generalized to include the poloidal angle dependence of the equilibrium electrostatic potential. The implication of the recently observed in-out asymmetry in the fluctuation behavior in DIII-D VH-mode is discussed.
I. Introduction
It is well known that the E x B flow shear plays a crucial role in the L to H transition of many tokamak plasmas [1] [2] [3] [4] . In this paper, the importance of E x B flow shear in various enhanced core confinement regimes is discussed. Our recent nonlinear theory of flow shear induced fluctuation suppression in an arbitrary shape finite aspect ratio tokamak plasma [5] indicates that the radial shear of E;O)/RB@ is the quantity of interest. This result has compared well with magnetic braking experiment on VH-mode in DIII-D [6] . While this criterion can be applied universally to various enhanced confinement regimes in tokamaks[l, 2, 61, their dominant contributors to this term vary. A possible origin of this term can be plasma rotation due to unbalanced neutral beam injection (such as in the DIII-D VH-mode) or ion Bernstein waves (PBX-M CH-mode [7] ), as well as peaked ion pressure profiles (TFTR Supershot [8] ). Furthermore, from the explicit dependence on Be, we can gain new insight into the confinement improvement in reversed shear configurations [g, lo] .
In Sec, 111, our previous fluctuation suppression criterion in toroidal geometry [5, 
Role of ExB Flow Shear in Enhanced Core Confinement Regimes
In our previous work [5] , it has been shown that the fluctuation suppression occurs (iv) Supershot in TFTR Reduction of radial correlation length with increasing toroidal velocity has been observed[l6] in qualitative agreement with the prediction of the two point nonlinear theory in toroidal geometry [5, 111 . The region of sharp gradient of u4 approximately corresponds to that of [17] . It is interesting to observe that for co-NBI, the toroidal flow term and the last term on the RHS add, making the fluctuation suppression easier. The last term can be written as a sum of the following two terms which are both negative for the typical peaked profiles at tokamak plasma core,
+ --(niZ). region. Therefore, it is essential that this expression in toroidal geometry must be used in comparison to the experimental data to properly address the physics origin of the enhanced confinement in reversed shear mode [9, lo] .
Effects of Poloidal Angle Dependent Electrostatic Potential
In our previous works[l, 51, do) has been assumed to be a flux function. This simplifying assumption needs to be improved when there is strong toroidal plasma rotation. In this case, do) depends on the poloidal angle 6 also and the two point nonlinear analysis becomes We observe that R+@ vanishes at the mid-plane where the fluctuations are typically measured.
Therefore, our previous criterion for the fluctuation suppression [5] can still be applied there.
and a@@ do not affect the fluctuation level directly, although they distort the shape of the eddies.
IV. In-Out Asymmetry in Fluctuation Suppression
The (i)The spectral intensity which originates from the strongly rotating VH-mode plasma core is feeble. This suggests that the core turbulence is suppressed due to the E x B flow shear.
(ii) After the magnetic braking is applied, lowering the plasma rotation, the broadband turbulence associated with the core returns. Interestingly, the spectral range of turbulence which initially returns is associated with the portion of the core on the high field side (in- (iii) After the plasma slows down considerably, the intensity which originates from the low field side (outside) is higher than that from inside. This implies a ballooning-like character of the ambient turbulence with higher amplitude at the outside.
Since the ambient turbulence is stronger at the outside as observed in phase (iii), the shearing rate must be significantly higher at the outside to explain the feature in phase (ii).
As discussed in Ref. 5 where w, G (z)lfl+*l, and w($) is the angular frequency of the plasma toroidal rotation.
In conclusion, E x B flow shear induced suppression of turbulence still remains the best hypothesis for the confinement improvement even after the emergence of various core enhanced confinement regimes and more sophisticated fluctuation measurements.
